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1. V1oh ,mtca State Unirrt'y

Fro.-pctivo At.adi.otion Aacnt3

3. O~n~'IT. Stacy

Do~ eip-wt=Wo: heAm

c~oh~~Y~le(7(-) had beeon 1weprxad. The rpithecia zhcvad I~ tsef to

oc- qA"t.' pzral, and threa addi-timoal sulbotitxted asrinoaimthio~z

I. obt-aned in the, rroaeso vTie tested ax antiradiatim ageaits but m~rc

not fcund to be- sigii cant3y aective.

fl. tgat ~o o pcasiB2o reactioni of cetyWxwe vith 1-c boto.y3

pjvol-dczai- (I) ims precmud, -PM the hopa of :Crr~g an ~t.t

:co'.yln mrixi-nol vhich txauid Lltimtcly lead to -an oll3

!~entho .rti.o gvovp voL31 be par~t o2 the baterecmaiic lfwr-3-e

ai.,s. Althmigh lc o.-p? lic was prepead by a tza

at<ep yweodme, the im-thacas~o tedious and can~lia/3. Vw ar in

aam'al eoceriaents, the resetIon 1iath actylem failed to rntinz1isea

t-ie phase of tha resevwch -v, the±refoxe, discontinuod.

C. An hwstigation %me mcde of the possibilities of foriring arlothiloqz

from ar1inoalkenes om from Se f ass.Wftu~tcly, le~
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~e~,I~d alesd to react with thiols to rroduce the destrod

suifido. Thereforo, after a reasonable period of experkentatioi

tll~l rosect vas dis~continued.

a .=:'-t A. the aanis of aurxkoalkanethlols has been deserlbed.

Timsc eouMd be consdexed to be tialkyl-suetitutcd aboirl thte avino

andi thicl i ntics. * t vw thought to be also Intor,39ting to ot-

tcmym the. synthcsis ofZ tetraalkyl-substitited comoiands do.vad L--cm

t~hy.-~b~tiuteI nterdIata. Although the teti'etV . ccanpcmud
zis of chi.ef Interoet, tim dim qbl diothyl campouryl is being f %-stI

Investigated bacacso of a qnantity of tho necessary startig maoijal

om hand.I

V



R.port m Worck Completed or in Progresst

A. Thtw amrinoalkauthioln (V a, b, a) similar to Vd praviously prepared

were obbained by the following synthetic scheme.

" g(OAC P" 0
1( 11 H-'NOH

b, R-R CA

c; RIR -(ella) 5-
d, R oR' aCH3  -

R R

Na-VH3  ILWAH4
fl- -CAi 3 - - R-C- CC113  R-C -CHCli3

1 .1 then HC1 i i

SticC the C1evicus report, a now cattaytic mixture consisting of

concentr-ated sulfuric acid, glacial acetic acid, and =.-a,: nr,in

has beaei developed for the reaction I II and found to give vuperior

,ield- &^ 11 as co.mared to that previoualy used involving boron

t,-ifluoride. 3-Benlythio-3-methyl-2-pentanone (Ila) was prepared

ty rnatcion of 49.0 g. (0.50 mole) of Ia and 62.0 g. (0.50 mole) of

-.-toluenebhiol with the aid of a catalytic mixture consisting of

64. t- mercuric acetate, 150 ml. of glacial acetic acid, 5.0 g. of

4.+-oiuenisthiol, and 5.0 ml. of concentrated sulfuric acid. A 73%

yield (78.0 g.) of Ia was obtained, b.p. 75-780 (0.01 Sm.),

n2SD 1.518. Anal. Caled. for C13H1805s C, 70.23: I, 8.16; S, 11.,i2

//IF
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Pcur: C 0.1; H, 8,25; S, lho52. 3-Benzylthio-3-eth-l-2-entanone (Ira) Was

*fltained from 56.0 go (0.50 mole) of ethynylcarbinol lb, 62.0 g. (0-50 role) of

.r-toiuerethiol. and a catalytic mixture of 75 mlo of glacial acetic acid, 6A4 g,

of mercuric acetate, 5.80 g. ota<-toluenthiol, and 2 ml. cf concentrated sul

furic acid at 70-800. A yield of 75.0 g. (7%) resulted, b.p. 8 2- 81o (0.03 mn.),

n25D 1.5391, 25 1.030, Anal, Calcd. for C C, 71.13; H, 6.53; S, 13.57.

Found: C, 71.33; H, 8.13; 3, 13.36. I-Acetylcyclohexylbensylsulfide (1c) was

forned from 50.0 go (0.40 mole) of 1- thynylcyclohexanol (Ic) and 50,0 g. (Oo1c mole)

ofq-tolue:nethiol added to a catalytic mixture consisting of 150 ml, of glacial

*%ctic acid, 6.40 g. of mercuric acetate, 3 ml. of concentrated sulfuric acid,

and 5 : l, ofo..oluenethiol at a reaction temperature of 70-800; the yield as

12.5 (71%) of a pale yellow oil, b.p. 980 (0.03 =.), n25D_ 1.5628, d2 5 1.095,
=4

Anal, Calcd. for C15H200St C, 72.50; H, 8.12; S, 12.90. Found: C, 72;5:,

11, 9.13; S, 13,14.

Formation of the oximes ill was accomplished by ijell established proceduret.

3-Beusythio-3-methyl,2-pentanone oxime (lIla) was formed from 10.0 g. (0-015 tol')

of Iha. 10.0 g. (C.1.43 mole) of hydroxylamine 1',drochloride and 15.0 g. of sodium

acetate in ho ml. of ater; the mixture was st:-rred for 12 hr. in a steam bath,

The nroduct, 9.20 g. (92%) was a thick, viscous oil, b.p. 110-3160 (0.03 io),

n2 5D 1.5728, 5 1.225. Anal. Calcd. for C H NOS: C, 65.78; 1, 8.07; s, 13,51o
- 4 13 17

Found: C, 65.914; H, 7.99; 3, 13.58, 3-Benzylthio-3-eth7l-2-entanone-ox-.n(li1b)

v:as obtained from a reaction mixture consisting of 214.0 g. (0.089 mole) of the

heto sulfide (Ib) 10.0 g. (0.15 mole) of hydroxylamine hydrochloride, and 30 it-2,

of pyridine which was stirred overnight at room temperature and yielded 20.2 g.

(82%) of a pale yellow oil, b.p. 125-128O (O1 m.), n 5Dn 1.5552, ,25 1.225,

Anal, Caled. for C1 11121N08: C, 65.89; H, 8.42; H, 5.57. Found: C, 66.05;

H, 1.26; 11. 5.91. Similiarly obtained was l-Acetylcyclohexy.benzlsulfide exime (ic)
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fron a solution of 43.0 g. (0.173 mole) of lIc, 20.0 g. (0.29 mole) of

hyd)o=lamine 1ydrochloride in 50 ml. of pyridine uhich was stirred for 24 hr.

A pale yellow oil was initialy obtained but crystallized upon standing over-

night; recrystellization from methanol-water yielded 40.0 g. (8% of white,

needle-like crystals, m.p. 126-1270. Anal. Calcd. for C15H21NOS: C, 68.40;

1,, 8,04; s, 12.17. Found: C, 68.55; H, 7.75; S, 12.10.

Removal of the masking benzy! group succeaded by the well known hydrogen-

nlysis procedure using sodium and liquid ammonia, resulting in the formation

of (-thi,':ories (IV) in good yields. 3-Methyl-3-thiol-2-pentanone oxine (111a)

was obtained by the addition of 8.00 g. (0.35 atom) of sodium metal to a

solution of 31.0 g. (0.13 mole) of Ilia in 500 ml. of liquid amonia. Extrac-

tion with ether and subsequent distillation yielded 14.2 g. (74%) of a colorless

oil, b.7. 69-70o (0.05 m.), a25 1.4921, 0.993. Anal. Calcd. for C 111 .

r, h.9.94; H, 1..9; S, 21.78. Found: C, 48.75; H, 8.7h; S, 21.60.

Similiarly, 3.Ethyl-3-thiol-2pentanone oxime (17b) was obtained from

14.5 ge (0.63 atom) sodium metal added to a solution of 50.0 g. (0.20 mole) of

11T in 730 ml. of liquid ammonia. Anal, Calcd. for L 7H NOS- C, 52.14,; H, 9.3?;

S, 19.88. Found: C, 52.15; H, 9.10; S, 20.10. 1-Acetylcylohexanethiol odime (IVc)

was obtained in like manner from a solution of 46.0 g. (0.17 mole) of oxime ic

in 500 ml. of liquid ammonia to which 12.0 g. (0.45 atom) of sodium had been

added; yield, 17.1 g. (57%) of white crystals, m.p. 99-1000. Anal. Calcd. for

CsHI 5NOS: C, 55.46; H, 8.73; S, 18.50. Nound: C, 55.57; H, 8.46; S, 18 hlI

Te three thiol oximes, (iva, b, c) just described were submitted for test as

zr ecD-ective antiradiation agents.

The reduction of the thiol oximes IV to the desired aminoalkanethiols V was

car-ried out with lithium aluminum hydride. 2,Amino-3-myl3-=ntanethio! (Va)
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was forred by reaction of a 15o0 g6 (0!0 mole) of !Va with 3,00 9" lithiuma

aluminum hydride; yield, 6.50 g. (661), b.p. 55-580 (0.06 rm.), E,2t 1.5003,

d25 0°998. AnU Calcdo for r6H15N: C, 54.08; H, 11-35; N, 10o15, Found:

C, 53,95; H, 11.61; N, 10.23.

2-Am.no,.3-ethyl-3-pentanethiol (Vb) was prepared by the action of 2,00 g.

(0°05 mole) of lithium aluminum hydride on 8.00 g. (0,05 mole) of IVb; yield,

b5o g. (629), b.D. 40-450 (0.03 mm.), n2D 2-.51b, 25 1o015. Anal. Calcd.

for C 7H17 S_ : C, 57.09; H, 31o64; S, 21.77. Found: C, 57.28; H, 11.51;

S^ 22.0h. "he corresponding hydrochloride was prepared from a solution oC

1.00 g. (6.8 Pmoles) of Wo in 25 ..A. of anhydrous ether into uhich dry

hydrogen chloride was introduced; yield, 990 mg. (79%), m.p. 175-1760 (dec.)°

Anal. CaIcd. for C7U18Cl=S: C, 45.76; H, 9.87; Cl, 19.28. Found: C, 45.92;
H, 9.94; Cl, 19.09.

A mixture consisting of 1.00 g. (5.40 mnoles) of Vb and 10 ml. of

cyclohexanone was heated until a homogenous solution was obtained. Cooling

and the addition of 20 ml. of anhydrous ether gave 5-thyl-,5..dimethyl-2-

spirocyclohexylthiazolidine hydrochloride as a white precipitate, n.p°

232-2340 (dec.). Anal. Calcdo for C13 H26 CZ . C, 59.16; H, 9.57 S, 12.16.

Founds C, 59.02; H, 9.46; 8, 12.25.

.-(l-.Aminoethyl)-crclohexanethiol hydrohloride (Vc) was formed fro,

35.0 g, (0.20 mole) of 1Ve iu 100 ml. of tetraydrofurar and 33,5 g. (08 role)

of lithium aluminum hydride in W00 ml. of tetrahjdrofuran; yield, 22.0 g. (609%)

of a colorless oil, b.p, 85-900 (0.06 mm.) A 1.00 g. (6.30 mole) sample was

placad in 20 ml. of anhydrous ether and dry hydrogen chloride was introduced

to yield 960 mg. (770), mp. 135-1360. Anal. Calcd. for C8H1CINS: C, 49oL!;

H, 9.27; Cl, 18.11. Found: C, 48.95 H, 9.39; Cl, 17.93.

Ill I



T113 fonmtion of thiazolidine derivatives of these aminoalkaietnioli

derocnetrated conclusively that the amino and thiol. groiupe we on adjacent

ccrbon atcta.

B. It had been thought that there uould be little difficulty in carrying cub the

reaction betxer, aetylin a-,xl 1-cer-be-th yL-3-pjr o!idon (71) - th-Ia. dmI'%±vat'e

carrying the caeoethaxy group on the nitrogen uwa to be employ'ed as the free

pyrxolldone in unstable.* The desired interwdiate VT could be 3atheoined inI

good yield irat t -h e iuvo3rad wale wImiiieldj. rcause of Vain te.nd
since rnaction of' this cocipomid with acatylmew failed In a n~umber of expsi-I

inntal attempta, thIn work ws disc'ntinued.I

C02C2U5 02C21%
vi

'.To investip- te the addition of thiols to substitted al3*1 aens or their

ocyl cerivatiwme, 'vinyliignsim hcmdae %=ecause to react 01th fl-bewylidern-

anilin to yield 3-pheny=Ino-3-phstI-1-ivoPe (MI)

HC 3 CM9B6H5 1SH 94
C6ICHJ1C6U -=9414=ac61a'-.

OH3

Acp

6'~, 3 3 fflI

Vinybrmagnsiw heaid for toe rrepaytan of ',&rmftQ- 1-In 1-Izwoene (VII)

as obtained from 2L2.16 g. (o.5 g. atew) of Ingtaim tuwnig I 130 ml. of d!5y
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yi - tr. o of iodbL'e and 53,5 e. (0.5 mole) or vti brcmt&

la .,t of tetr rofuras. To the vlntlmgneelm bmads was added 90.6 g.

(0.5 ro'le) of 11-bensylider-aniline dissolved in iCO ml. of dry tefrabydroftwan.

T.I. t'Arz re -ns stirred at roa temperature overniht and than heated under

r.flux :!or 4 bw. The salt we decaqmsed by poutng it onto a mixtwe of ice,

s rn-abr.d amnormum chlcrile and coneentrated anmium h rmrcid. After ve-

morval o!' et'aer, the residue vas distilled umder reduced peeslwe; yield 57.5

£rW CiHlj3IT: C, 36.09; 1T, 7.22; U1, 6.69. Fotnd: C, 86.14; H, 7.34; N, 6.92.

Ti' :eetl derivative Vi um prepared from 500 mg. (2.4 oles), 5 mi. of

acatle anhdride, and 5 g. of sodium acetate in 25 ml. of watae. After re-

.ystallbation from cyelabLxhe, 390 mg. (65%) of colorles crystals were
c;,'bained, m.p. 137.5-1380 . Anal. Caled. far CIIHl70t C, 81.241 R, 6.81;

ii, Foztnd C, 01.16; H1, 6.61; H4, 5.0

!: . lm t procedure of itUeff [7. it. Iosteff, U. Pines, and B. S.1admn, J. An. Chem. Soc., , 2731 C1938)] for addition of thiols to

a7'.cnes ~aa followed fa either a-toluemethiol or thiolactic amid, a coslete

V.':k of s-ecew wao experlewed. If additin were attemted under Ierewe writh

sulfur as a catalyst, again the results wre negative. Sinrli negative resIts

%-.n2 obtalmd witli the ecetyl derivative. Also, neitber of these subtaem

w'ould add the elemnt of vAter or bveogen brce . Fwtr experimentatIm

ms theraftre abandoned.

D, From tie~kl-e,*tituted meca tetbylamines, it seemed to be a natural ex-

tanion to attempt the im.Thesis of tetveslky].-bstitued mrnaptoethyl-

andixes. The twmnsfcamtiaw conteplated are outlined as follota

----



1 OH jYO
_i xr _U

Ou! etarting =aterial ME Is a readlly available itnawdiate frMu t.ie

rjsr~cehrj'-T~xs ws o priaryInterest, XU wrns selected so the initial

co;jectl~ as a quanntity- of IX WA5 available to work with, Ifthy1rsgmeiur
Lx~ic r-w-ed r=W~ wih V to iel +I.ehyhdozy sulidte I. "&I* olufinic

s-al~iv .-- obtaixmd instead if the reacticn axbturo wa.i distilled ith a

L--ecf io-1iw. Th* Ritter rceitionu1 wt ntile In nos; being studied

ina roeat to bath X and IT as the mothod of prceeding to the bitermedlate XUr.

~ (z) w formed fbrom xeIi~l-

migrmstmn iodJidc3 prepared from 10.6 C. (0.075 molb) of =sthy iodide in

3J) rl, of wkh,*ous ether added to 1.3 C. (0.075Cg. atam) of rmgwesis

tVrnincet in L5 tml. of anhyeots other, and 11.3 C. (O.C~ ole) of3-bnrlthlo

3.-s~A-2~untnw~(a) In 12 r-1. of arihy~oue ether. After removal ort ether,

t!2e zraidua1 oil. Twa distilled gIvlIng 8.60 U. (7W,,) of a 2ellow liquid; b.p.

96-980' (02 0 n., 1,507, 1 1.18M0. Anal. Galcd. fwr __rl 7

C, 7I.66S It, ;.22; 3, 12.75. Found: GO 71.90; if, 9.31; S, 12.90. 3-Dnriuc

tj-Z-itb-l-nentene ('/I) we jrotuced '4in a reaction aiLte from AC

u? smeed vit saturated soCin cerboate solution and then distiled univ~



",dix'id prermwe in t1e presence of a trace of iodine to give a 50%. yield;

C, 76.8k; 1, Q-46,- s, 313.68. Found: 0, 77.031 11, 9.57; s, 13.78.


